The scattering of light by a spheroidal metal particle has been newly treated by use of the technique of the multipole expansion of radiation fields from the induced polarization and the associated current and magnetization, which are now considered as radiation sources. The relation between the polarization and the incident field is most simply obtained by using the long-wavelength approximation and a radiation-damping correction. The various orders of electric-and magnetic-multipole coefficients of scattered fields have been separately calculated. Part of our calculated results confirm and thus justify the well-known features that the electric-dipole term gives the dominant contribution and that the magnitudes of multipole coefficients decrease monotonically with the increasing-order number of the multipoles. Some new features concerning the accuracy and the limitation of the radiation-damping correction are discussed against the depolarization factor of the spheroid. For a small sphere, the results reduce to the famous Rayleigh scattering, as expected. Results for larger spheres are compared with those of an exact electrodynamical calculation.
INTRODUCTION
Raman scattering by a molecule absorbed onto certain suitably roughened metal surfaces has been known for many years to be greatly enhanced.", 2 Theories based on the electromagnetic local field arising from the bumpy surface are the most tractable and widely reported. The problem of surface-enhanced Raman scattering (SERS), however, is treated almost entirely in terms of only dipolar fields. 3 4 Even in the papers 5 6 that give more than the dipole term, the contributions from individual higher multipoles are not separated and cannot be compared with those of the dipole. In 1981, Liao et al. 4 fabricated lithographically isolated metal microspheroids and made an important advance in SERS studies through characterization of the roughness by isolated spheroids and affirmation of the electromagnetic model for the SERS. Since the size of the isolated spheroid was comparatively large (1500 A in the semimajor axis), the higher-order multipole contributions should be relatively more pronounced. Barber et al. 5 have given an exact electrodynamic calculation,
showing that the overall contribution of all higher multipoles is quite appreciable. Their method of calculation followed from that of Asano and Yamamoto, 7 which, based on the formal scattering theory of matching boundary values at the particle surface, neither clearly gives a separate contribution from each multipole nor provides a deeper physical insight owing to the complicated mathematics. The aim of this paper is to treat the light scattering by a new approach, namely, by using the existing technique of multipole expansions in vector spherical harmonics and subsequently calculating the individual-multipole contribution in an easy fashion. The main feature of this approach, which presents direct physical insight into the calculation, lies in the use of the simple relation between the induced polarization of the spheroid and the incident electric field under the long-wavelength approximation and a radiation-damping correction. Although the SERS problem can be readily computed, we focus our attention only on the multipole expansion of an elastically scattered light field from an Ag spheroid. The formulation of the treatment is given in Section 2. The various results of individual multipole contributions and their dependence on the multipoleorder number and the size of spheroid are given in Section 3.
Comparisons in the cases of small and large spheres as well as other discussions and conclusions are also presented in Section 3.
FORMULATION
The scattering of light at optical frequencies by metal particles can be handled by using the same formulism as that of light scattering by dielectric particles. 9 "1 0 We treat the scattering of light through two steps: (a) An incident light polarizes the microparticle (see Fig. 1 ), which in turn results in an induced polarization P(r, t) and the associated polarization-charge density pp (r, t) = -v P, polarization-current density Jp (r, t) = -(P/at), and magnetization Mp(r, t) = (1/2c)(r X Jp). use a radiation-damping correction in our calculation.
As usual, we assume that the radiation sources are har-Po = P cos 0 cos 0 + Py cos 0 sin -P, sin 0,
where Pr, Po, P,,P, Py, and P, are the spherical and the rectangular components of the polarization vector P, respectively. Note that according to Ref. 8 It is tedious to find the formal relation between the polarization P and the incident field Ei by the matching boundary values. 7 For conceptual clarity and mathematical simplicity, we use the usual long-wavelength approximation with a correction of radiation damping.1 4 This is valid when the ratio of spheroidal volume V to the cube of the wavelength X of incident light is small compared with unity, which is consistent to our case. Thus we have for the incident field and the po- 
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where k = (w/c); c and c are, respectively, the speed and the frequency of light in that medium. Note that the displacement vector D equals E outside the spheroidal particle. The electric-multipole coefficients aE(l, m) of order (1, m) and the magnetic-multipole coefficients aM(l, m) of order (1 (13) in which m = cid; c, d, Ax, Ay, Az, and are the semimajor and the semiminor axes, the depolarization-factor components15 along the X, Y, and Z axes, and the dielectric constant' 6 of the spheroid, respectively. Using Eqs. (7)- (9) and the following identities' 7 :
e-i-Od¢= 27flm,0,
aYlm= =_iMYlm*,
Eq. (5) becomes
Using the property of evenness or oddness of Pm(x) with respect to and m, we can readily see from the above equations that aE(l, m) = 0 if is even and that aM(l, m) = 0 if 1 is odd. 
Now we take the special case of a small sphere (a << 1) with the electric-dipole moment along the z direction (1 = 1, m = 0). The coefficient aE(1, 0) can be found by Eqs. (11) and (19) to be 14 The propagation unit vector no and the polarization with vector o of the incident light can be written as no = (sin 0o cos 0o, sin 0 0 sin 0o, cos 0o), to = (cos Oo cos Oo, cos Oo sin 0o, -sin 0o), are not so substantial in the multipole coefficients. To a large extent, similar features have been found for Au. In order to understand the accuracy and the limitation of our approach, we now work on the validity of the radiation damping from Eq. (11) and set
(33) (34)
To be specific, we consider the case of Ag in which the imaginary part E 2 of e is small (•0.5), whereas the real part E 1 of e decreases from -2 to -40 over the range 3.5-1.39 eV. 16 Equation (11) 
d500A,c=.500A are plotted in Figs. 2 and 3 . The plots indicate that the electric-dipole coefficient aE(l, 0) offers the principal contribution to the scattering field, and the magnitudes of other multipole coefficients drop strikingly with increasing-order numbers. Figure 3 also displays that each higher-order multipole coefficients (same 1, m) becomes more important with increasing particle volume. It gives a more pronounced contribution to scattered fields for a large-size particle. These results are known and are confirmed or justified by this calculation. We emphasize that, for any 1, the electric-multipole In this case, one may have very small B such that Clearly this reduces to the famous Rayleigh scattering. Since (1 -l) can be quite large for Ag, one may still obtain the relation (1 -l)B AjE 2 .
This can give the result that ! (Pi)resI becomes greater than the resonant polarization without using radiation damping. This feature is clearly manifested in the case of a sphere of radius a = 220 A immersed in water, as is shown in Fig. 6, for which  (1 -e) (37) In this case, the magnitude of (P 1 )res decreases with increasing B, as is shown in Fig. 7 for the sphere of radius a = 600 A immersed in water. The broadening resulting from the radiation damping is rather striking. When the radiation-damping term B is larger than Aj, the broadening effect would be too large to apply the radiation-damping technique as a first-order corrections treatment. We plotted the results of Qse in Fig.  7 for a = 1000 A to demonstrate this property.
Finally, we compare our results with those for the case of a sphere immersed in water, which has been solved exactly by
Messinger et al. 18 using the Maxwell equations. We take c photon energies has broadened linewidth and decreased magnitude, as mentioned before. The features in Fig. 7 are similar to those of phase-retardation effects in an electrodynamical calculation made by Meier and Wokaun. 2 1 This is rather in accord with their idea 2 l that the consideration of phase retardation would give the effect of radiation damping.
If we take a = 1000 A (B = 0.99 at 3.25 eV) and use Eq. (28), there is apparently no resonant feature within the range 2.31-3.87 eV. The plot differs largely from that of the exact electrodynamic calculation by Messinger et al. (denoted by Qscala=iOOoA). As mentioned above, this lack of sharp resonance would result from the invalidity of using such large radiation damping as a first-order correction. 5 To conclude, we have calculated with a new technique the multipole expansion of the light scattering from a metal particle by using the long-wavelength approximation and the radiation-damping correction. The results, apart from the well-known dominating features of the electric-dipole term over the other multipoles, have revealed that, for a small spheroidal size such that (1 -el)B AjE 2 , the radiationdamping correction could yield enhancement rather than damping. For large sizes (B > Aj), the resonance peak in the 
